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Cambridge, Massachusetts 
15 May 1950 


Dear Sir: 

In accordance with the requirements for the Degree of Naval ingineer, 

we submit herewith a thesis entitled ‘“Semi-flexible Self Varying Camber 
Rudder.** 

Reepectially, 


SEMI-FLEXIBLE SELF VARYING CAMBER RUDDER 
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NOMENCLATURE 


Cy. ~ Lift coefficient (dimensionless) 
Cy ~ Drag coefficient ( - } 
F, ~ Lift force, ibs. 

Fp - Drag force, ibs. 

V+ Water velocity, ft/sec. 

C - Water density 

$ + Model rudder area (projected) 


i, SUMMARY 


The object of the work undertaken in preperation of this thesis is the 
comparison of Lift and Drag Coefficients of an all metal rudder (parent) 
with those of a family (five) of dimensionally equal rudders which have been 
rmedified by cutting away varying percentages of the trailing edge of the par~- 
ent rudder and replacing the cut away portion with rubber. In order to 
maintain dimensional equality, six bronze rudders were cast to the same 
mold, and five were modified as described above. Basic rudder charac- 
teristics are: chord - six inches, aspect ratio ~ one, thickness ratie - 
6.19, balance - 20.58%. 

Test runs were made in the M.LT. propeller tunnel at a constant 
water velocity of 9 feet per second. Lift and drag forces were meas-~- 
ured from zero to thirty five degrees angle of attack by means of strain 
gages mounted in the lower end of a rudder dynamometer. These forces 
were then converted to dimensionless lift and drag coefficients by divid- 
ing the force obtained by the product of: i/2(water density)x(rudder area) 
x(water velocity)”. 

The experimental work accomplished shows that, with respect to the 
all metal rudder (parent), the use of a rubber trailing portion up to about 
25% rubber has the effect of increasing the Lift Coefficient, the maximum 
increase occurring with about 12% rubber and being of the order of 2.8% 
increase at 30° rudder angle; 7.1% increase at 20°; 10.7% at 10°; and 
about 25% increase at 5° rudder. Similarly for the Drag Coefficient, a 
slight increase develops with increase in percentage of rubber up to about 
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25% rubber, beyond which an increase in percentage of rubber tends to cause 
the Drag Coefficient to decrease, With 12% rubber the increase in the Drag 
Coefficient is as follows: 5.5% increase at 30° rudder angle: 6.5% increase 
"gt 20%; 13.8% inerense at 16°; and 13.3% at rudder angle. 

if the ratio of the Lift Coefficient te the Drag Coefficient is te be used 
as a criterion in judging the reletive performance eof the rudders, it is noted 
that the 40% and 50% rubber rudders have considerably higher ratios than 
the parent rudder. 

From the results of the experimental work accomplished, it is con- 
cluded that the lift Coefficient is increased, with respect to the parent (all 
metal rudder), with the use of a rubber trailing edge up to about 25% rubber. 
Beyond 25% rubber the Lift Coefficient decreases. The Drag Coefficient 
increases with the addition of rubber up to about 25% rubber and thereafter 
decreases with the use of more rubber. From a careful study of the results 
obtained and close observation of the rudders in the tunnel it is concluded 
that the rubber used was too stiff, in that it did not bend as much as was 
expected when subjected to the action of the water force. 

Ia view of the results obtained from the experimental work accom- 
plished to date with the rubber -tipped rudders, it is recornmended that 
further experimental work be carried out with them along the following 
lines: 

@) Utilizing rudders with rubber of varying degrees of stifiness. 

b) Conducting a close search of the area within which the percentage 

of rubber varies from 5% to 15%. 
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¢c) Performing experiments with all rubber rudders i.. which the 
forward part of the rudder is internally stiffened so as to be in- 
flexible for all practical purposes, but a smooth continuous surface 
is presented to the flow of water around the rudder. 

4) Investigating the effects of a ship's hull and propeller upon the 
behavior of rubber tipped rudders. 
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il, INTRODUCTION 


The problem approsched in the development of this thesis is the one of 
providing, for vessels moving through a fluid medium, a contre] surface 
which will permit adequate directional control with a miniznum of undesirable 
effects; in the case of a rudder, this rneans providing maximur lift with 
miniroum drag. The literature cited in Appendix Z£ gives evidence of the 
extensive research effort directed tewards this end. 

The use of a rubber tipped rudder, it was thought, would permit the 
trailing portion of the rudder to fair into the stream of water passing it, to 
& certain degree, with the result that a smell amount of camber would be 
placed on the rudder. The placement of such camber would be entirely 
independent of outside mechanical control or adjustment: dependent only 
upon the forces acting on the rubber and the stiffmese of the rubber. The 
rubber tip would fair downstream: while the force normal to its surface 
might be smaller than if the surface had not bent, the athwartship com- 
ponent of this normal force, i.e., the lift, would be larger than if acting on 
@ straight surface. By similar reasoning, it wes believed that the longi- 
tudinal component of the force, i.e., the drag, would be less. 

it was decided to experiment on a comparative basis, using one all 
metal rudder as the basis of comparison; a parent rudder, so to speak, 
Then five more rudders would be made from the same mold as the parent 
rudder but with 10%, 20%, 30%, 40%, and 50% of the rudder surface 
replaced with rubber, The rubber of all rudders was to be cut from the 
samme sheet, to insure that the same rubber cheracteristiecs were present 
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on all rubber -tipped rudders. 

An order for the manufacture of the six rudders was placed with the 
Boston Naval Shipyard and in due time all six rudders were manufactured, 
The metal portion was ‘“‘Composition G Bronce’* and the rubber was cut 
from a sheet of gasket material and cemented to the metal with deck tread 
cement, While the job order called for a rubber percentage of 10%, 20%, 
30%, 40%, and 50%, it was found upon careful measurement that, due to 
 meanafacturing errors, the actual percentages of exposed rubber, as meas~ 
ured along the side of the rudders, were a8 foliows: 


ORDERED RECEIVED 
O% 0% 
10% 15.4% 
20% 25.0% 
36% 33.5% 
40% 40.7% 
50%, 46.7% 


Throughout this thesis the rudders are referred to as 10%, 20%, 30%, 
40%, and 50% rubber. It should be borne in mind that the actual percentages 
are os listed above, under the AECEIVED column. 

The actwal rudder dimensions are as shown in Figure XI. 

Due to the necessity of hand finishing the rubber portion of the rudders, 
there were slight differences found between rudders, but not of such an 
extent as to invalidate the comparative results obtained from the experiments. 
It is worthy of note, however, that due to the construction of the joint between 
the metal and the rubber, a continuous amoocth surface for presentation to the 
flow of water was not attained, with possible attendant effect on drag 
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The forces acting on the rudder were to be measured by the dynamom- 
eter developed and built by Kissinger * Rupp, and described in Appendix A. 

The rubber swim fins used by swimmers in gaining ahead thrust, and 
the shape of racing shell oars used to gain ‘‘negative drag’’ were factors 
given consideration in the development of the idea of semi-flexible rudders. 
This same idea was also strengthened by some of the facts found in Nature, 
such as the extreme mobility of fish tile and the softer feather tips in the trail- 
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iil, PROCEDURE 


The first step to be accomplished in the experimental work was accurate 
calibration of the rudder dynamometer, This was performed by placing the 
dynamometer in 4 test rack outside the tunnel and by applying known forces 
te the rudder stock in a direction which would be parallel to the flew of 
water, with the dynamometer in the tunnel, and in a direction perpendicular 
thereto. Calibration curves were then prepared as in Figure XI. With the 
rudder in the tunnel, strain gage readings of deflections in micro~-inches 
were then easily converted to pounds force. 

Water speed to be used throughout the experiment was set at 9 ft/sec. 
in order to stay well within the forces used in the calibration of the dyna- 
mometer. During the running of the tests, the water speed was kept under 
constant monitoring to insure that it was maintained at exactly 9 ft/sec., 
which corresponds to a Keynolds number of 371,600 (for fresh water at 
60°F). 

Due te the construction of the dynamometer, the range of rudder 
angle that could be applied was from 10 degrees left rudder to 36 degrees 
right rudder. 

A **vun”* consisted of measuring lift and drag forces every few 
degrees: 3, 5, 7, 10, 13, 15, 17, ete., over the full range of the dyna- 
mometer. The location of ‘sero rudder’ was determined by the point at 
which the Lift Force curve of the run being made crossed the zero axis, 


going from positive to negative, The Lift and Drag Forces were converted 
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to dimensionless coefficients as defined in hydromechanics literature: 
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Three complete runs for all rudders were made, with three additional 
runs made on the parent all metal rudder in order to insure that the basis 
fer comparison of the remaining family of rudders wes sound and accurate. 
Numerous checks of various points on the Lift and Drag curves were made 
to insure that consistent results were being obtained. 

The calibration of the dynamometer was checked repeatedly during the 
course of the experimental work. 

Upon the completion of the experimental work, the results were plotted 
in the form of curves of rudder angle vs. lift and Drag Coefficients for all 
six rudders and of the follewing cross curves: 

Lift Coefficient vs, Percent Rubber 
Drag coefficient vs. Percent Xubber 


Lift Coefficient/Drag Coefficient vs. Rudder Angie 
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lV, RESULTS 


The results of the experirmental work involved in this thesis are shown 
im the curves on Figures I to X, inclusive, The only variable quantities 
entering into the results are the percentage of rubber on each rudder and the 
water density. The water density was corrected for temperature throughout. 
The velocity of the water was kept constant at 9 ft/sec, The area of all 
rudders is taken as 36 square inches, i.e., projected ares (12). 

Observation of the experimental runs in progress showed that the 
rubber did not flex nearly as much es was enticipated, indicating that the 
rubber used was too stiff. With 50% rubber a slight but definite deflection 
was noticed. 

A galvanometer was used to indicate balance in the 5X-4 Strain Gage 
Indicator, in measuring forces on the rudder. it was anticipated that with 
the rubber tips on the rudders there would be a considerable amount of 
flutter or vibration, which would show on the gelvanometer, probably making 
it difficult to balance. This, however, was not the case. In measuring lift, 
the arnount of vibration appeared to be about the same for both the solid and 
rubber-tipped rudders. In measuring drag, it wae found that the rubber- 
tipped rudders gave remarkably more steady readings than were given by 
the all metal rudder. 

Figures I te VI are individual plots for cach rudder. Figures Vil te A 
give comparative results among the rudders in the form of cross-curves 
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FIGURE II 
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V. DISCUSSION OF RESULTS 


The intention of the experiment was to determine the characteristics 
of rudders with 10%, 20%, 30%, 40%, and 50% rubber. However, the rudders 
as received from the Boston Naval Shipyard and as tested, had the following 
percentages of rubber: 

15.4% in lieu of 10% 
25.0% * ** ** 20% 
33.5%" * ** 30% 
40.7% "40% 
48.7% " * °° 50% 

There are several possible sources of error in the experimental 
results obtained which it is well to recognize at this time. First, while 
the rubber tips used on all rudders were cut from the same sheet of rubber, 
in an attempt to have rubber with the same characteristics on all rudders, 
the necessary fitting and machining of the rubber in the process of manu- 
facturing the finished product did introduce some small differences among 
rubber tips. Secondly, the method of attachment of the rubber to the metal 
was of such o nature that the drag coefficient might be increased due to the 
break at the juncture (see the 50% rubber rudder of Figure |&). Thirdly, 
the rubber tip on the 10% rudder seems to be of a rougher surface than 
any of the other rubber tips, all of which had the sarne feel to the hand. 
This slightly rougher rubber surface, on the 10% rudder, may account in 
part for the increased drag observed with this rudder. 

The rudders were balanced about the rudder stock by drilling out 
metal aft of the stock until a hanging balance wes obtained. These holes 
were closed with putty prior to running tests in the tunnel, hence insuring 
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& smooth surface. 

The metal portion of ali rudders should be very nearly identical, as 
all were cast to the same mold. Neo discrepancies among the metal portions 
of the family of rudders was discernible. 

No sources of error, other than the ever present hurnan element, are 
known at this time, to exist. 

From 4 study of figures Il and VI, end observation of the tests as they 
were conducted, rudder breakdown seems to oceur as follows: 


RUDDER RUDDER ANGLE AT BREAKDOWN 
10% 30° 
20% 32° 
30% 35° 
40% 32° 
50% 33° 


From these figures it would appear that the addition of rubber does not 
hasten the arrival at the breakdown angle and does have the effect of delay~ 
ing this angle a few degrees. 

Figure Vi shows that Lift is increased by the use of rubber up to about 
25% rubber at all angles of attack, but that with more than 25% of rubber the 
Lift falls off at angles of attack above 15°. 

From Figure VII it is seen thet Drag increases with the use of rubber 
up to about 25% rubber and that with more than 25% rubber, the Drag 
decreases, 

in Figures I-VI the location of ry angle of attack was determined by 
measuring Lift from right rudder to left rudder and plotting the Lift against 
the angle of attack as indicated on the dynamometer movable head, This 
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plot was very nearly « straight line and 0° angle of attack was set at the point 
where the plotted line crossed (ero lift) the coordinate axis showing rudder 
‘etic te dreenee. 

In order to produce comparative results, the drag for sero angle of 
attack for all rudders was corrected to the drag of the all metal rudder at 
zero angle of attack. For each rudder, this very small correction was applied 
te all values of the Drag Coefficient, thence the curves were plotted, 

Beyond the point at which the rudder was believed to have reached 
breakdown, the Coefficient curves are dotted in, as the exact behavior of 
the rudder beyond this point was indeterminate. 

The model Rudder Dynamometer would not give readings above 36 
degrees right rudder and 10 degrees left rudder. 
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VI, CONCLUSIONS 


With respect to the all metal rudder, the use of rubber in the construc- 
tion of the rudders increased the Lift Coefficient, the maximum increase 
being obtained with about 12 1/2% rubber. Beyond about 25% rubber the 
Lift Coefficient decreases. 

The Drag Coefficient increases up to about 25% rubber, decreasing with 
increase of rubber beyond 25%. 

With respect to the all metal rudder the C; /Cp ratio is larger for all 
rubber-tipped rudders at small angles of attack, below about 5°, This 
ratio is larger for the 40% rubber rudder at all angles of attack. 


The rubber used in the experiment was too stiff for best performance. 


z3 


a 4 us . 
Ad at me 
¥ “AS ere 


Vil, RECOMMENDATIONS 


1, That further experimental work be done with semi-flexible rubbers slong 
the following lines: 
a) Utilize rubber of varying degrees of stifiness. 
b) Conduct « close search of the area within the 5% to 15% 
rubber sone. 
¢) Conduct experiments with all rubber rudders in which the 
forward portion (percentage determined by previous work), 
of the rudder is stiffened by internal framework so that it is 
inflexible and the after portion free to flex. Use of such a 
rudder would exclude the possibility of erroneous results 
such as increased drag due to the break at the junction of the 
rubber and metal. | 
2, That the possibility of using a flexible trailing edge on propellors be 
investigated, 
3. That the effects of the ship's hull and the propellers race on the rubber- 
tipped rudders be investigated. 


24 


4 


MTT AMMO DAR IV 
y Ply 


ON eC ey ee ee me See ee «tt Rentrowe tard rwoail getwolle? 94 
: aeee | mesngeb chyna te senda wats (a pyatang 
| wei o> Re od mie non oA Ye dacann soot steataed (8) 6: 
woke pine ak. teeta, Fr ymca eos, aes ee): of 
sl atin sti tg ie | 
» ae ie ssi: enema gathers 
speot aucun erat woe etter oth em hates } wi wlitaen 
eit teat tit $0 hatred ath ab cide gach Hanbiened 00 dene 
ad wnollagorg an sgbs pallient sidiealt » guiew to ytilidiasog oft aT .S 
.botaylveoval 
~19ddur edi oe user avelinqosg oft bas iled a yide wit Ww atoedle ont tadT .f 
notagivervai wd arebbur beqgtt 


Suh Yee ae be ay ‘aa 


eee ert 


hie a a ae a =e 
here & 


~L IA tbe 


OSbl HIUVW 67 
prose 


Y398NdZOs 


»8bS mie) 1 A3jgagny ~%O! 


| 
(ia fan 
—_____—_—., s63______—___} 


sasiqgqna 13i0G0W 
IX 3Ynoi4 


y3g9ny ZOE 


a ——— 


V3dINy xO 


-25- 


; 
1 
i [eer 1 
' 
a . a 
i = : 
i 


‘ ; wea, Pee OR tal 
| 


Tt 


6 eugiee ey 
caaum an Bec mile | ee 


eae, Ss eR LC Oe 
‘2 i SS ee ds 5 | Lt 


ey RUMENT Pees me 
) 


| | | Bo | 
>. tN 2e a Cee 
Pee NT SED cA Ge Loe 
hee ee) | ‘Bitlis i ee Se EZ 


| : | i 
4 = — 2) Roeeeal SarSes = 
| : | 
} : H : ' | : 
' ' 
| | 
; H | ! { : 
fara eS | ee a ee 
j | 
aaa . 
| 
{ | : 


- San eeee 
H : | ; j 
5 on 
t j 
ae Pd 


Shek Seare 
ee | 
| | 


: } ee oi3' mi “ ps ; { 5 ; 4 ; “4 < e =e : ie ae | i ay i | 5 : | 
rae et a | | = he See ae | ie as aes 
ss Se a teers | | PA | | Pie Buber 
} < : | | H { 
(eee a DE 8 Ee ee ee ee ra reat SSE. i J : ae 2 ee eS ee ee ee / 
PEt ete. 2 | pede hal Se Se Se, Se ee ee | | 
i (OSE poe) BS Se CO es ee a es Oe ee i i 1 ! : : 
KEUFFEL ESSER CO N Y 


STRAIN 
INDICATOR 
ewer 


FIG. 4TL— INSTRUMENTS 


2T 


FIG - 
KiIV- (NSTRUMENTS AND 


DY NAMOME TER 
_ 28 
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FIG XVI~ ELEVATION AND PLAN VIEW OF MODEL RYVDDERS 
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THE M. I. T. MODEL RUDDER DYNAMOMETER 


¢ 


The measurement of Lift and Drag forces for the development of this 
thesis was made with the Model Dynamometer designed by Kissinger and 
Rupp (11). A sketch of the Dynamometer'’s essential details and a brief 


explanation of its operation follows: 


A - Rudder Dynamometer 
B - Selective Switch Box 
C -SR-4 Strain Indicator 


1 - Lower Transverse Gage (3 wires) 
2 - Lower Longitudinal Gage ( ) 
3 - Upper Transverse Gage ( "' ) 
4 - Upper Longitudinal Gage ( ) 
5 - Torque Gage (3 wires) 

6 - Bearings (support of Housing) 
3 

8 

9 

0 

1 


a3 


’? 


- Housing 

- Torque Sleeve 

- Inner Shaft, with Gages 
10 - Protective Shield 
11 - Rudder 
NOTE: Resistors shown dotted in the Wheatstone Bridge are the pair of 


gages (tension & compression) in use; they actually are mounted on 


the dynamometer. 
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The Model Dynamometer consists of @ steel shaft (9) carrying two sets 
of strain gages (i, 2, 3, 4) and rigidly supported by « casting, which is the 
only outside support. The four strain gages are mounted in two mutually 
perpendicular reduced sections at the upper and lower end of the shaft, i.e., 
perallel and normal to the water flow. The shaft is enclosed by a watertight 
tylinder (7) which is supported at both ends of the shaft (9). The rudder stock 
is firmly held by this cylinder, thus transmitting all forces to the inner 
shaft, 

Above the dynamometer support a sleeve (4) is mounted around the 
cylinder; the torque gage is installed between this sleeve and the cylinder (7). 
This gage will not be discussed here as it was not used during the experiments. 

Below the Dynamometer support there is « protective shield (10) with 
the lower end tapered. To avoid corrections for drag forces this tapered end 
was brought very close to the upper surface of the rudder. 

The strain gages consist of fine wires cemented to the reduced sections 
im the direction of the pure bending introduced by either longitudinal or 
transverse forces. Three electrical leads are used with each strain gage, 
namely - tension side, compression side and neutral axis (common ground), 
The ieads from all gages were connected to a selective switch box which in 
turn was connected to the 5K-¢ Strain Indicator, This indicator consists of 
built-in Wheatstone bridge with galvanometer for obteining balance among the 
resistances. A high sensitivity, es well as temperature correction, was 
obtained by ccanecting simultaneously the tension and compression leads 
from the gag¢ in use to the 5-4 Indicator. 
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Bue to changes made in the Dynamemeter it was decided to use only the 
two lower strain gages, the location of the upper gages making their readings 
less sensitive than the lower. During calibration of the Lower Longitudinal 
Gage, care was taken te insure that only longitudinal forces would act on the 
Dynamometer (by keeping sero reading on the Transverse Gage). Therefore. 
the 5-4 Indicator reading for a given longitudinal force was always the same, 
regardiess of the readings of the upper gages. The same applies to the Lower 
Transverse Gage. 

This procedure simplifies the use of the Rudder Dynamometer as it does 
not require the resolution of the applied load into its upper and lower com- 
ponents, as was required in the original design. 

The use of the 54-4 Strain indicator tegether with the selective switch 
simplified considerably the test procedure, 

For a deteiled explanation of the Rudder Dynamometer the reader is 
referred to reference (11) in the bibliography. 
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CALIBRATION DATA 


{Ahead motion) Date: 2/24/1950 
LT) Gauge Lower Longitudinal (11) 
Applied Strain reading Applied Strain 
(micre-inches) Load (micro-inches) 
OF 5850 
} 6000 
2 6130 
5 6260 
4 6436 
5 6586 
oS) 671s 
? £860 
& 7060 
9 7145 
10 7290 
1! 7430 
12 7585 
13 7746 
14 7875 
1S $020 
16 8166 
17 8300 
18 #450 
i9 +600 
20 745 
zi 8960 
22 9045 
23 9196 
24 9340 
25 9490 
26 96390 
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The calibration curves (Figure MEL) were plotted efter obtaining the data 
from the preceding page and were used throughout the tests, checks being 
made after each series of runs. 
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Angle 0% 
@° 0.6 
3 -069 
5 432 
7 «17S 
16 2279 
13 360 
15 429 
Ls 525 
26 2585 
22 2444 
25 160 
28 847 
30 2894 
32 0955 
33 2953 
34 -966 
35 


e715 


20% 50% 
0.0 0.0 
097 
147 143 
206 234 
283 0292 
362 387 
446 441 
550 562 
587 614 
672 688 
752 735 
850 804 
897 908 
989 976 
+991 998 
1,021 
1,018 1.028 


* The above tabulation refera to ane series of runs only. 


313 


The curves of Figures I to VI were plotted with data of five complete 


series of runa. 
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SAMPLE DRAG CORFFICIENTS USED ON PLOTS* 


Rudder Ruedder itudder Rudder Rudder Rudder Rudder 


Angle o% 10% 20% 30% 40% 50% 
o -040 -040 -040 -046 -040 046 
3 041 046 -040 2044 2046 7° 
5 046 051 -050 -050 05} 2045 
7 -056 -061 -055 2066 2056 .* 

10 -066 O77 -060 O71 -066 -066 
13 071 «102 071 081 -076 .* 
is 097 oll? 096 +696 -087 -096 
16 123 0148 0127 0137 ellZ -* 
20 153 0194 0142 0158 0143 0142 
22 las 214 183 0192 188 .- 
2$ 230 250 224 2244 209 209 
28 301 0327 285 2290 273 .* 
30 0332 352 326 331 313 2300 
32 383 357 362 0392 355 331 
33 406 «455 e377 .- 369 0392 
34 446 .* .* 444 461 .* 
35 460 «485 409 479 450 -439 


(*) The above tabulation refers to one series of runs only; the data was 
corrected for drag at zero rudder angle to be equal for all rudders. 

The curves (Figures 1 to VI) were plotted with data of five complete 
series of runs, 
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DATA FOR CURVES ON FIGURES IX and X 


LIFT COEFFICIENT Cy - vs - RUBBER PERCENTAGE* 
re nr rR ER RE A A RE TL LR 


ANGLE 


0% 10% 

s° 4132 167 
10° 283 310 
is° 433 467 
20° 593 623 
28° 760 797 
30° 898 925 


DRAG COEFFICIENT Cp -vs - RUBBER PERCENTAGE*® 


C,/Cp - vs - RUBBER PEKCENTAGE 


ANGLE 
om . 10% 
5? .045 -O51 
19@? 065 675 
15° 095 110 
20° 155 0165 
25° o232 251 
30° 330 346 

ANGLE 
o% 10% 
5° 2.93 3.28 
16° 4,346 4.13 
15° 4.54 4.25 
20° 3.83 3.80 
25° 3,28 3.18 
30° 2.72 2.66 


20% 


2152 
298 
450 
«602 
775 
915 


20% 


049 
-070 
107 
160 
2242 
340 


PERCENTAGE 


20% 


3.10 
4.26 
4.21 
3.76 
3.20 
2.69 


OF 


PERCENTAGE OF RUBBER 


30% 


146 
293 
445 
595 
«748 
-390 


PERCENTAGE OF AUBBER 


30% 


047 
066 
103 
0152 
226 
325 


“HUBBER 


*NOTE: These values were taken from faired curves on Figures VIi and 
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TYPICAL DATA SHEET 


‘Rudder: 0% rubber 
Water temperature: 62°F « Water speed: 9% ft/sec. - Date: 3/24/50 
Rudder Gauge LT Lift Gauge LL Drag 
Angle Reading Force cy Keading Force Cy 
wy 5960 6.0 0.000 $960 0.8 = .041 
3 5725 1.4 07} $960 66 (041 
"ie 5580 2.3 117 5970 0.9 046 
| 5380 3.5 179 $980 il 056 
10 5035 5.6 286 6030 1.3 066 
13 4770 7.1 362 6050 1.4 071 
1S 4530 8.6 440 6116 1.9 097 
18 4250 10.3 526 6180 2.4 4123 
20 4010 11.7 596 6266 3.6 «153 
22 3756 13.2 675 6360 3.6 184 
25 3450 15.0 766 6490 4.8 230 
28 3180 16.6 848 6670 5.9 301 
30 3030 17.5 895 6780 6.5 332 
32 2830 18.7 .955 6930 7.5 383 
33 2710 19.4 990 000 8.0 408 
34 2650 19,7 1,005 7090 8.6 446 
(left) 
5° 6475 3.0 153 5985 1.0 -051 
‘ 6760 4.8 2245 6020 1.2 061 
10 6960 6.0 -306 6060 1.5 076 
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SAMPLE CALCULATION 


From ‘Semple Date Sheet’’ om page 45, for 20° right rudder, 
Lift Force = 11.7 Ibs. 


Dreg Force = 3.0 lbs. 


Water density (at 62° F) = @ = 1.9379 eer 


Rudder area = § = 0.25 &* 
Water speed = V « 9.0 ft/sec. 


11.7 


F 
Lift Coefficient = GC, = ee! 
MVWies vt © T72(i.9579)00.25) (a1) 


3.0 


<a « 0,153 
zee ve 172(1.9379)(0.25) (81) 


Drag Coefficient « Cy, = 
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varying camber rudder. 


